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SUBJECT:  Odd  Fellows  Hone  Lake  Dam,  MO.  I.D.  No.  11022 

Phase  I  Inspection  Report 


This  report  presents  the  results  of  field  Inspection  and  evaluation  of  the 
Odd  Fellows  Hone  Lake  Dan. 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal  Dens. 

This  dan  has  been  classified  as  unsafe,  non-emergency  due  to  a  seriously 
inadequate  spillway  by  the  St.  Louis  District  as  a  result  of  the  application 
of  the  following  criteria: 

a.  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum 
Flood  without  overtopping  the  dam. 

b.  Overtopping  of  the  dan  could  result  in  failure  of  the  dam. 

c.  Dam  failure  significantly  increases  the  hazard  to  loss  of  life 
downstream. 
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Num  of  Dm 
State  Located 
County  Located 
StreM 

Date  of  Inapection 


Odd  Fellows  Home  Lake  Dm 

Missouri 

Clay  County 

Town  Branch  of  Shoal  Creek 
8  May  1980 


Odd  Fellows  Hose  Lake  Dm  was  inspected  by  a  team  of  engineers  from 
Black  &  Veatch,  Consulting  Engineers  for  the  St.  Louis  District,  Corps 
of  Engineers.  The  purpose  of  the  inspection  was  to  make  an  assessment 
of  the  general  condition  of  the  du  with  respect  to  safety,  based  upon 
available  data  and  visual  inspection,  in  order  to  determine  if  the  dam 
poses  hazards  to  human  life  or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the  Depart- 
ment  of  the  Army,  Office  of  the  Chief  of  Engineers  and  developed  with 
the  help  of  several  Federal  and  state  agencies,  professional  engineering 
organizations,  and  private  engineers.  Based  on  these  guidelines,  this 
dM  is  classified  as  a  small  size  dM  with  a  high  downstreM  hazard 
potential.  According  to  the  St.  Louis  District,  Corps  of  Engineers, 
failure  would  threaten  lives  and  property.  The  estimated  damage  zone 
extends  approximately  two  miles  downstreM  of  the  dM.  Within  the 
estimated  damage  zone  are  a  waterworks  with  appurtenant  structures, 
seven  dwellings,  a  building,  and  twelve  trailers  homes.  Contents  of  the 
downstreM  damage  zone  were  verified  by  the  inspection  teM. 

Our  inspection  and  evaluation  indicates  the  spillways  do  not  swet 
the  criteria  set  forth  in  the  guidelines  for  a  dM  having  the  above  size 
and  hazard  potential.  The  spillways  will  pass  neither  50  nor  100  percent 
of  the  probable  maximum  flood  without  overtopping  but  will  pass  10 
percent  of  the  probable  maximum  flood.  The  spillway  will  not  pass  the 
flood  which  has  a  one  percent  chance  of  occurrence  in  any  given  year 
(100-year  flood).  The  spillway  design  flood  recommended  by  the  guide¬ 
lines  is  50  to  100  percent  of  the  probable  maximum  flood.  Considering 
the  small  volume  of  water  impounded  behind  the  dM,  the  presence  of  an 
embankment  in  the  valley  below  the  dM,  and  the  hazard  zone,  the  spillway 
design  flood  should  be  50  percent  of  the  probable  maximum  flood.  The 
probable  maximum  flood  is  defined  ss  the  flood  discharge  which  may  be 
expected  from  the  most  severe  combination  of  critical  meteorologic  and 
hydrologic  conditions  which  are  reasonably  possible  in  the  region. 

Based  on  visual  observations,  this  dam  appears  to  be  in  satisfac¬ 
tory  condition.  Deficiencies  visually  observed  by  the  inspection  teM 
were  extremely  dense  grass,  tree,  and  brush  cover,  irregular  surfaces  of 


the  crest  sad  side  slopes,  seepage  at  the  toe  of  the  right  abutment,  ero¬ 
sion  at  the  left  abutment,  the  presence  of  a  leaking  sewer  line  near  the 
left  abutment,  and  the  absence  of  adequate  slope  protection  on  the  upstream 
face.  Seepage  and  stability  analyses  required  by  the  guidelines  were  not 
available . 

There  were  no  observed  deficiencies  or  conditions  existing  at  the 
time  of  the  inspection  which  indicated  an  immediate  safety  hazard. 

Future  corrective  action  and  regular  maintenance  will  be  required  to 
correct  or  control  the  described  deficiencies.  In  addition,  detailed 
seepage  and  stability  analyses  of  the  existing  dam,  as  required  by  the 
guidelines,  should  be  performed.  A  detailed  report  discussing  each  of 
these  deficiencies  is  attached. 


Edwin  R.  Burton,  PE 
Missouri  E-10137 
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SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority.  The  National  Dam  Inspection  Act,  Public  92-367, 
authorized  the  Secretary  of  the  Any,  through  the  Corps  of  Engineers,  to 
initiate  a  program  of  safety  inspection  of  dams  throughout  the  United 
States.  Pursuant  to  the  above,  the  District  Engineer  of  the  St.  Louis 
District,  Corps  of  Engineers,  directed  that  a  safety  inspection  of  the 
Odd  Fellows  Home  Lake  Dam  be  made. 

b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  dam  with  respect  to 
safety,  based  upon  available  data  and  visual  inspection,  in  order  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property. 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  dam  were 
furnished  by  the  Department  of  the  Army,  Office  of  the  Chief  of  Engi¬ 
neers,  in  "Recommended  Guidelines  for  Safety  Inspection  of  Dams.”  These 
guidelines  were  developed  with  the  help  of  several  Federal  agencies  and 
many  state  agencies,  professional  engineering  organizations,  and  private 
engineers . 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances . 

(1)  The  dam  is  an  earth  structure  located  in  the  valley  of  the 
Town  Branch  of  Shoal  Creek  (see  Plate  1).  The  watershed  area  is  billy 
consisting  of  farmland  and  Odd  Fellows  Home  facilities  (see  Plate  2). 

The  dam  is  approximately  440  feet  long  along  the  crest  and  23  feet  high. 
The  dam  crest  is  9  feet  wide.  The  downstream  face  of  the  dam  has  a 
fairly  uniform  slope  from  the  crest  to  the  valley  floor  below. 

(2)  The  primary  spillway  from  the  lake  is  an  uncontrolled  24-incb 
steel  pipe  with  antivortex  plate  installed  in  the  embankment.  Flow 
through  the  pipe  discharges  into  a  basin  confined  by  the  subject  embank¬ 
ment  and  what  is  believed  by  the  inspection  team  to  be  a  haul  road 
embankment  with  a  24-inch  reinforced  concrete  pipe  through  the  embankment 
which  discharges  to  the  natural  stream  channel  below.  The  emergency 
spillway  consists  of  a  triangular  cut  in  the  natural  overburden  and 
embankment.  Discharge  through  the  emergency  spillway  overflows  to  the 
same  basin  as  does  the  primary  spillway. 

(3)  Pertinent  physical  data  are  given  in  paragraph  1.3. 

b.  Location.  The  dam  is  locsted  in  south- centrsl  Clay  County, 
Missouri,  as  indicated  on  Plate  1.  The  lake  formed  by  the  dam  is 
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shown  on  the  United  States  Geological  Survey  7.5  ainute  serves  quadrangle 
asp  for  Liberty,  Missouri  in  Section  17  of  TSIM,  R31W. 


c.  Size  Classification-  Criteria  for  deteraiaing  the  size  classi¬ 
fication  of  daas  and  iapoundaenta  are  presented  in  the  guidelines  refer¬ 
enced  in  paragraph  1.1c  above.  Based  on  these  criteria,  the  daa  and 
iapoundaent  are  in  the  aaall  sine  category. 

d.  Hazard  Classification.  The  hanard  classification  assigned  by 
the  Corps  of  Kagiaee  rs  for  this  daa  is  as  follows:  The  Odd  Fellows  Moat 
Lake  Daa  has  a  high  hazard  potential,  aesning  that  the  dea  ia  located 
where  failure  aay  cause  loss  of  life,  and  serious  daasge  to  hoews, 
agricultural,  industrial  and  coaaercial  facilities,  and  to  iaportant 
public  utilities,  aain  highways,  or  railroads.  For  the  Odd  Fellows  Moot 
Lake  Daa  the  estiasted  flood  dsaage  zone  eztends  approximately  two  Biles 
downstream  of  the  daa.  Within  the  estisated  daasge  zone  are  a  waterworks 
with  appurtenant  structures,  seven  dwellings,  a  building,  and  twelve 
trailer  homes.  Contents  of  the  downs treaa  daasge  zone  were  verified  by 
the  inspection  teaa. 

e.  Ownership ■  The  daa  is  owned  by  the  Odd  Fellows  Host  Association 
Inc.,  Route  6  Box  194,  Liberty,  Missouri  64068,  Telephone  816-7B1-4BBO . 

f.  Purpose  of  Daa.  The  daa  forms  s  6-acre  lake  used  for  recreation 

|.  Design  and  Construction  History.  According  to  Helen  White, 
Adainistrator ,  the  daa  is  nearly  100  years  old.  Ho  specific  date, 
design,  nor  construction  data  were  available. 

h.  normal  Operating  Procedure.  Hormal  rainfall,  runoff,  trans¬ 
piration,  evaporation,  and  overflow  through  the  uncontrolled  outlet  pipe 
all  coabine  to  aaintain  a  relatively  stable  water  surface  elevation. 

1 . 3  PERTINENT  DATA 

a.  Drainage  Area  -  487  acres 

b .  Discharge  at  Deasite. 

(1)  Normal  discharge  at  the  daawite  is  through  an  uncontrolled 
24-inch  outlet  pipe  which  discharges  to  an  area  between  the  daa  and  a 
haul  road  eabankaent  through  which  a  24- inch  reinforced  concrete  pipe 
discharges  to  the  natural  streaa  channel  below. 

(2)  Estiasted  experienced  aaxiaum  flood  at  daasite  -  Unknown. 

(3)  Estiasted  ungated  spillway  capacity  at  aaxiaum  pool  elevation 
730  cfs  (50  Percent  Probable  Maxiaia  Flood  Pool  El. 781.5). 


c  jlmtlog  (F— t  «>ov«  n.a.l.). 

(1)  Top  of  dw  -  779  5  (im  Plot*  3) 

(2)  tear gooey  spillway  crast  -  777.1 

(3)  Primary  spillway  pipe  i avert  -  775.0 

(4)  Streambed  at  too  of  dam  -  756.7 

(5)  Maximum  tailwatar  -  Unknown 
d.  Reservoir . 

(1)  Length  of  maxiSMB  pool  -  1,300  foot  *  (50  Percent  probable 
smawa  flood  pool  level) 

(2)  Length  of  normal  pool  -  1,000  feet  ♦  (Primary  spillway  pipe 
invert ) 

• •  Storage  (Aero- feet) . 


11) 

Top  of  dam  -  64 

(2) 

Emergency  spillway  crest  -  50 

(3) 

Primary  spillway  pipe  invert  - 

32 

(4) 

Design  surcharge  -  Not  available. 

f . 

Reservoir  Surface  (Acres). 

(1) 

Top  of  dam  -  9 

(2) 

Imargoncy  spillway  crest  -  6.S 

O) 

Primary  spillway  pipe  invert  - 

6. 

S- 

Dam. 

(1) 

Type  -  Earth  embankment 

(2) 

Length  *  440  feet 

(3) 

■eight  -  23  feet  ♦ 

(*) 

Top  width  -  9  feet 
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(5)  Side  slopes  -  upstream  fees  1.0  V  on  2.6  M,  downstream  lees 
between  1.0  V  on  2.0  H  sad  1.0  V  on  2.4  M  (sm  Pints  4) 

(6)  Zoning  -  Unknown. 

(7)  lapervious  core  -  Unknown. 

(8)  Cutoff  -  Unknown . 

(9)  Grout  curtnin  -  Unknown. 

h.  Diversion  and  Rstulntlns  Tunnel  -  None. 

i ■  Primary  Spillway. 

(1)  Type  -  24-inch  steel  pipe  with  antivorte*  plate. 

(2)  Inlet  invert  elevation  -  775.0  feet  n.s.l. 

(3)  Outlet  invert  elevation  758.7  feet  n.s.l. 

(4)  Gates  -  None. 

(5)  Upstrean  channel  -  Not  applicable. 

(6)  Downs trean  channel  -  An  earth  enhanfcnent  is  present  inawdiately 
downs trean  of  the  pr inary  spillway  outlet  which  has  a  24-inch  concrete 
pipe  to  discharge  to  the  natural  open  channel  below. 

j .  laeraency  Spillway. 

(1)  Type  -  Grass  open  channel. 

(2)  Width  of  channel  -  86  feet. 

(3)  Emergency  spillway  crest  -  777.8 

(4)  Gates  •  None. 

(5)  Upstream  channel  -  Not  applicable. 

(6)  Downstream  channel  -  A  haul  road  embankment  is  constructed  in 
the  valley  immediately  downstream  of  the  dam.  A  24-inch  reinforced  con¬ 
crete  pipe  runs  beneath  the  haul  road  embankment  which  permits  primary 
and  emergency  spillway  discharges  to  discharge  downstream  of  the  haul 
road  to  the  natural  channel. 

k.  henulatlna  Outlets  -  None. 
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SECTION  2  -  EMC  I 


IMG  DATA 


2.1  DESIGN 

Design  data  were  Ml  available. 

2.2  CONSTRUCTION 

Construction  records  wore  unavailable. 

2 . 3  OPERATION 

Records  of  operation  or  of  past  floods  were  not  available. 

2.4  GBOIjOOY 

Tbe  site  of  tbe  den  and  reserve ir  is  located  in  a  broad  shallow 
valley  in  gently  rolling  terrain.  The  den  ia  located  on  Town  Drench  of 
•heal  Creek. 

The  soil  of  the  dan  and  reservoir  area  consists  of  the  Sibley  soil 
series.  The  Sibley  series  consists  of  deep,  well-drained  soils  fotsed 
in  loess  on  conves  ridges  and  side  slopes.  The  general  depth  of  bedrock 
is  greater  then  five  feet.  The  soil  is  classified  for  engineering 
purposes  as  a  low  plastic  clay  (CL) . 

The  bedrock  of  the  den  and  reservoir  area  consists  of  the  Wyandotte 
formation  of  the  Kansas  City  Group.  The  Wyandotte  formation  is  conposed 
of  five  nenhers.  These  are,  f ran  the  base  upwards,  the  Frisbie,  Quindaro, 
Argentine,  Island  Creek,  and  Farley  nahbers.  The  Frisbie,  Argentine, 
and  Farley  nenhers  are  c osmosed  of  limestone  and  sre  separated  by  the 
Quindaro  calcareous  shale  sad  the  Island  Creek  shale,  respectively. 

2.3  EVALUATION 

a.  Availability.  No  engineering  data  were  available. 

k.  Adeem cv-  No  eng inner lag  data  were  available.  Thus,  an  assess- 
nent  of  the  design,  construction,  and  operation  could  not  be  node . 

Seepage  and  stability  analyses  conparable  to  the  requirements  of  the 
'*Becaanaaded  Guidelines  for  Safety  Inspection  of  Dans"  were  not  avail* 
able,  which  is  considered  a  deficiency.  These  seepage  and  stability 
analyses  should  be  performed  for  appropriate  loading  conditions 
(including  earthquake  loads)  and  node  a  natter  of  record. 

c.  Validity.  The  validity  of  the  design,  construction,  and  opera* 
tiou  could  not  be  determined  due  to  the  lack  of  engineering  data. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  Gaatral .  A  visual  inapection  of  Odd  Fellows  Hoae  Lake  Deal  was 
aade  on  8  Hay  1980.  The  inapection  teas  included  professional  engineers 
with  experience  in  dan  design  and  construction,  hydrology,  hydraulic 
engineering,  and  geotechnical  engineering.  The  inapection  teas  consisted 
of  Edwin  Burton,  teas  leader;  Robert  Pinker,  geologist;  Gary  Van  Riessen, 
geotechnical  engineer;  John  Ruhl,  hydrologist/hydraulic  engineer;  Hark 
Snyder,  hydrologist/hydrsulic  engineer;  and  Russell  Burnhaa,  structural 
engineer.  The  daa  is  in  satisfactory  condition.  Specific  observations 
are  discussed  below.  No  observations  were  swde  of  the  condition  of  the 
ups tree*  face  of  the  daa  below  the  pool  elevation  at  the  tiae  of  the 
inspection. 

b.  Daa.  The  inspection  teaa  observed  the  following  conditions  at 
the  daa.  The  crest  of  the  daa  is  narrow  and  irregular.  The  upstreaa 
and  downstreaa  slopes  are  steep  and  of  irregular  slope.  The  upstreaa 
face  has  no  riprap  slope  protection.  Extraawly  dense  tree,  grass,  and 
brush  cover  is  typical  of  the  eabankaent.  Seepage  of  approxiawtely  1 
gpa  was  observed  at  the  toe  of  the  eabankaent  at  the  right  abutaent. 
Erosion  of  eaAankaent  aaterial  was  observed  at  the  left  abutaent.  A 
12-inch  sewer  line  and  aanhole  on  the  downstreaa  face  near  the  left 
abutaent  was  observed  leaking  raw  sewage.  It  is  evident  that  the  sewer 
line  is  beneath  the  lake  and  eabankaent,  although  the  line  could  not  be 
observed.  Flow  in  the  sewer  line  was  approxiawtely  1/2  pipe  flow. 

Typical  of  the  eabankaent  was  trasq>led  grass  and  brush  which  indicates 
probable  aniaal  activity.  No  aniaal  burrows  could  be  observed  due  to 
the  dense  vegetation  on  the  eabankaent.  The  eabankaent  swterial  con¬ 
sisted  of  silty  clay  (CL) .  The  eabankaent  has  no  visible  stability 
problaas.  There  was  no  evidence  to  indicate  that  the  eabankaent  has 
been  overtopped. 

c.  Appurtenant  Structures.  The  inspection  teaa  observed  the 
following  iteaw  pertaining  to  appurtenant  structures.  The  priawry 
spillway  consists  of  a  24-inch  beveled  steel  pipe  with  antivortex  plate 
which  runs  through  the  eabankaent.  Several  feet  of  the  pipe  which  were 
observable  at  each  end  appeared  to  be  in  good  condition.  An  earth 
eabankaent  is  constructed  iaaediately  below  the  pr inary  spillway  outlet. 

A  24-inch  concrete  pipe  pernits  discharge  through  the  downstreaa  eabank¬ 
aent  at  an  elevation  close  to  the  priswry  spillway  outlet.  The  inspec¬ 
tion  teaa  speculates  that  the  eabankaent  was  constructed  as  a  haul  road 
for  earth  fill  for  the  nearby  highway.  The  eaergency  spillway  consisted 
of  a  triangular  cut  in  the  natural  overburden  and  daa  at  the  right 
abutswnt.  There  are  no  existing  toe  drains  or  relief  wells. 
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d.  Geo lory.  The  soil  on  the  slopes  around  the  reservoir  and  below 
the  dam  is  fonmd  in  loess.  Mo  outcrops  of  rocks  are  present  in  the 
vicinity  of  the  daai  and  reservoir.  The  depth  to  rock  is  estimated  to  be 
greater  than  twenty  feet. 

Samples  of  the  embankamnt  material  were  taken  near  the  dowaatream 
crest  on  the  left  side  of  the  embankment  with  an  Oakfield  sampler.  The 
first  two  feet  consisted  of  soft,  moist  silty  clay  with  some  organic 
matter.  The  next  two  feet  were  the  same  material  except  that  it  was 
firm  and  dry.  The  samples  were  visually  classified  in  accordance  with 
ASTM  D  2488*69.  Based  on  these  samples,  it  is  anticipated  that  the 
embankment  consists  of  silty  clay  of  low  plasticity. 

The  abutments  and  foundation  of  the  embankment  are  anticipated  to 
be  interbedded  limestone  and  shale  of  the  Wyandotte  formation  overlain 
by  the  Sibley  soil  series.  These  interpretations  are  based  on  visual 
observations  and  published  data. 

e.  Reservoir  Area.  Mo  slides  or  excessive  erosion  due  to  wave 
action  were  observed  along  the  shore  of  the  reservoir.  It  appeared  at 
the  time  of  the  inspection  that  the  lake  has  considerable  siltation 
which  may  be  attributed  to  recent  highway  construction  within  the  drain¬ 
age  basin. 

f.  Downstream  Channel.  Downstream  of  the  spillway  outlet  pipe  is 
a  haul  road  embankment  with  a  culvert  beneath  the  embankment  which 
diacharges  to  the  original  streambed. 

3.2  EVALUATION 

The  various  deficiencies  observed  at  the  time  of  the  inspection  are 
not  believed  to  represent  an  immediate  safety  hazard.  They  do,  however, 
warrant  monitoring  and  control.  The  12-inch  sewer  within  the  embankment 
near  the  left  abutjsent  does  not  in  itself  constitute  a  deficiency.  How¬ 
ever,  the  leakage  of  raw  sewage  from  the  sewer  and  manhole  near  the  left 
abutment  contributes  to  erosion  and  saturation  of  embankment  material. 
The  potential  for  sloughing,  erosion,  or  sliding  of  embanksmnt  material 
is  enhanced  by  the  presence  of  the  relatively  steep  side  slopes  and  the 
narrow,  irregular  crest.  The  growth  of  trees  and  brush  and  the  uncut 
grass,  if  allowed  to  go  unchecked,  could  cause  deterioration  of  the 
embankment.  The  roots  of  trees  can  loosen  the  embankment  material  and 
also  can  leave  voids  through  which  water  can  pass.  Brush  on  the  dam 
prevents  inspection  of  the  embankment  and  kills  the  smaller  grasses 
whose  roots  are  more  effective  in  protecting  the  surface  soil  of  the 
slope  from  erosion.  The  brush  and  tall  uncut  grass  provides  habitat  for 
burrowing  animals  which  can  damage  the  embankment .  The  area  of  seepage 
at  the  toe  of  the  dam  at  the  right  abutment  which  was  observed  should  be 
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■onitored  regularly  for  quality  and  quantity.  Seepage  can  cauae  internal 
eroaion  creating  cavities  and  underground  channel* ,  thereby  weakening 
the  eabankaent  and/or  abutment*. 


N\ 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

The  pool  i>  primarily  controlled  by  rainfall,  runoff,  evaporation, 
transpiration,  and  capacity  of  tbe  uncontrolled  primary  spillway 
outlet  pipe. 

4.2  MAINTENANCE  OF  DAM 

No  maintenance  was  evident. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 
No  operating  facilities  exist. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 

There  is  no  existing  warning  system  or  preplanned  scheme  for  alert¬ 
ing  downstream  residents  for  this  dam. 

4.5  EVALUATION 

A  maintenance  program  should  be  initiated  which  would  include  mowing 
the  grass  cover  on  the  embankment  in  order  to  discourage  animal  burrowing. 
The  brush  and  trees  on  the  embankment  should  be  removed.  The  area  of  seep¬ 
age  should  be  monitored  periodically  and,  if  flow  increases  significantly 
or  if  seepage  flow  becomes  muddy,  a  qualified  engineer  should  be  consulted. 
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SECTION  5  -  HYDRAULIC /HYDROLOGIC 
5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  No  design  data  were  available. 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area  are 
developed  from  USGS  Liberty  Quadrangle  Map.  The  dasi  layout  is  from  a 
survey  swde  during  the  inspection. 

c.  Visual  Observations. 

(1)  The  primary  spillway  appears  to  be  in  good  condition.  The 
lake  level  at  the  time  of  the  inspection  was  below  the  inlet  level  and 
there  was  no  flow  through  the  pipe .  Only  the  inlet  and  outlet  ends  were 
observable.  Flow  through  the  primary  spillway  pipe  discharges  into  a 
basin  confined  by  the  subject  embankment  and  what  is  believed  by  the 
inspection  teaai  to  be  a  haul  road  embankment  with  a  24-inch  reinforced 
concrete  pipe  through  the  embankawnt  which  discharges  to  the  natural 
streasi  channel  below.  There  were  no  obstructions  to  flow  in  the  channel 
downstreaa  of  the  haul  road  esibankment. 

(2)  The  emergency  spillway  channel  is  in  good  condition  with  no 
evidence  of  erosion  at  the  time  of  the  inspection. 

(3)  Spillway  discharges  do  not  endanger  the  integrity  of  the  dam. 

d.  Overtopping  Potential.  The  spillways  will  not  pass  the  probable 
maxisnas  flood  without  overtopping  the  dam.  The  probable  maximum  flood 

is  defined  as  the  flood  discharge  that  may  be  expected  from  the  most 
severe  combination  of  critical  swteorologic  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region.  The  spillways  will  pass  10 
percent  of  the  probable  sMxinun  flood  without  overtopping  the  dam.  The 
spillways  will  not  pass  the  one  percent  chance  flood  estimated  to  have  a 
peak  outflow  of  545  cfs  developed  by  a  48-hour,  one  percent  chance 
rainfall.  According  to  the  recoaaended  guidelines  from  the  Department 
of  the  Army,  Office  of  the  Chief  of  Engineers,  a  high  hazard  dam  of 
small  size  should  pass  SO  to  100  percent  of  the  probable  maximum  flood. 
Considering  the  small  volusw  of  water  impounded  by  the  dam,  the  presence 
of  an  embankment  in  the  valley  below  the  dam,  and  the  downstreaa  hazard, 
the  appropriate  spillway  design  flood  should  be  50  percent  of  the  pro¬ 
bable  maximum  flood.  The  portion  of  the  estiswted  peak  discharge  of  50 
percent  of  the  probable  maximum  flood  overtopping  the  dam  would  be  770 
cfs  of  the  total  discharge  from  the  reservoir  of  1,500  cfs.  The  esti- 
mated  duration  of  overtopping  is  6.3  hours  with  a  maximum  height  of  1.2 
feet.  The  portion  of  the  estimated  peak  discharge  of  the  probable 
maximum  flood  overtopping  the  dam  would  be  2,040  cfs  of  the  total  dis¬ 
charge  from  the  reservoir  of  3,000  cfs.  The  estimated  duration  of 
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overtopping  i>  8.8  hours  with  a  maximum  height  of  2.0  feet.  The  embank¬ 
ment  could  be  jeopardised  should  overtopping  occur  for  these  periods  of 
time. 


According  to  the  St.  Louis  District,  Corps  of  Engineers,  the  effect 
from  rupture  of  the  dam  could  extend  approximately  two  miles  downstream 
of  the  dam.  A  waterworks  with  appurtenant  structures,  seven  dwellings, 
twelve  trailer  hoaws,  and  a  building  could  be  severely  damaged  and  lives 
could  be  lost  should  failure  of  the  dam  occur.  Contents  of  the  estimated 
downstream  dasuge  zone  were  verified  by  the  inspection  team. 


SECTION  6  -  STRUCTURAL  STABILITY 
6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations .  Visual  observations  of  conditions  which 
affect  the  structural  stability  of  this  dan  are  discussed  in  Section  3, 
paragraph  3.1b. 

b.  Design  and  Construction  Data.  No  design  data  relating  to  the 
structural  stability  of  the  dam  were  found.  Seepage  and  stability 
analyses  coaiparable  to  the  requirements  of  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Dams"  were  not  available,  which  is  considered  a 
deficiency. 

c.  Operating  Records .  No  operational  records  exist. 

d.  Postconstruction  Changes.  An  embankment  has  been  constructed 
in  the  valley  immediately  below  the  dam.  The  inspection  team  speculates 
that  the  embankment  served  as  a  haul  road  for  highway  fill.  A  24-inch 
reinforced  concrete  culvert  allows  primary  spillway  discharges  to  flow 
beneath  the  haul  road  embankment. 

e.  Seismic  Stability.  The  dam  is  located  in  Seismic  Zone  1  which 
is  a  zone  of  minor  seismic  risk.  A  properly  designed  and  constructed 
earth  dam  using  sound  engineering  principles  and  conservatism  should 
pose  no  serious  stability  problems  during  earthquakes  in  this  zone.  The 
seismic  stability  of  an  earth  dam  is  dependent  upon  a  number  of  factors: 
embankment  and  foundation  material  classifications  and  shear  strengths; 
abutment  sMterials,  conditions,  and  strengths;  embankment  zoning;  and 
embankment  geometry. 

Adequate  descriptions  of  embankment  design  parsaMters ,  foundation 
and  abutment  conditions,  or  static  stability  analyses  to  assess  the 
seismic  stability  of  this  embankment  were  not  available  and  therefore  no 
inferences  will  be  made  regarding  the  seismic  stability.  An  assessaMsnt 
of  the  seismic  stability  should  be  included  as  part  of  the  stability 
analyais  required  by  the  guidelines. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  OAM  ASSESSMENT 

*-  Safety .  Several  conditions  observed  during  the  visual  inspec¬ 
tion  by  the  inspection  tea*  should  be  monitored  and/or  controlled. 

These  are  erosion  of  the  left  abutment,  seepage  from  the  right  abutment 
at  the  embankment  toe,  the  dense  growth  of  grass,  brush,  and  trees  on 
the  embankaMnt ,  and  the  leakage  of  raw  sewage  from  the  sewer  line  near 
the  left  abutawnt .  Seepage  and  stability  analyses  comparable  to  the 
requireaents  of  the  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams"  were  not  available,  which  is  considered  a  deficiency. 

b.  Adequacy  of  Information.  Due  to  the  absence  of  engineering 
design  data,  the  conclusions  in  this  report  were  based  only  on  perfor¬ 
mance  history  and  visual  conditions.  The  inspection  tea*  considers  that 
these  data  are  sufficient  to  support  the  conclusions  herein.  Seepage 
and  stability  analyses  comparable  to  the  requireaents  of  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams"  were  not  available,  which  is 
considered  a  deficiency. 

c.  Urgency .  A  program  should  be  developed  as  soon  as  possible  to 
monitor  at  regular  intervals  the  deficiencies  described  in  this  report. 
The  remedial  measures  recoaaaended  in  paragraph  7.2  should  be  accomplished 
in  the  near  future.  The  item  recommended  in  paragraph  7.2a  should  be 
pursued  on  a  high  priority  basis. 

d.  Necessity  for  Phase  II.  The  Phase  I  investigation  does  not 
raise  any  serious  questions  relating  to  the  safety  of  the  dam  nor  does 

it  identify  any  serious  dangers  which  would  require  a  Phase  II  investiga¬ 
tion.  However,  the  additional  analyses  noted  in  paragraph  2.5b  are 
necessary  for  compliance  with  the  guidelines. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  1. 
Adequate  description  of  embankaent  design  parameters,  foundation  and 
abutment  conditions,  or  static  stability  analyses  to  assess  the  seismic 
stability  of  this  embankment  were  not  available  and  therefore  no  infer¬ 
ences  will  be  side  regarding  the  seismic  stability.  An  assessment  of 
the  seismic  stability  should  be  included  as  part  of  the  recommended 
stability  analysis. 

7.2  REMEDIAL  MEASURES 

a.  Alternatives .  The  emergency  spillway  size  and/or  height  of  the 
dam  would  need  to  be  increased  or  the  lake  level  would  need  to  be  lowered 
to  increase  available  flood  storage  in  order  to  pass  the  spillway  design 
flood.  The  emergency  spillway  should  be  protected  to  prevent  erosion. 
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b.  Operation  and  Maintenance  Procedures.  The  following  operation 
and  maintenance  procedures  are  recommended  and  should  be  implemented 
under  the  direction  of  a  professional  engineer  experienced  in  the  design, 
construction,  and  maintenance  of  earth  dams. 

(1)  Riprap  should  be  placed  on  the  upstream  face  of  the  dam  at  the 
normal  lake  level  to  prevent  erosion  of  the  embankment  material. 

(2)  The  seepage  area  noted  during  the  visual  inspection  should  be 
closely  monitored  and  documented  as  to  quantity  of  flow.  Any  signifi¬ 
cant  changes  should  be  evaluated. 

(3)  An  improved  maintenance  program  to  remove  and  control  the 
growth  of  brush  and  trees  on  the  embankment  should  be  developed.  Grass 
cover  on  the  embankments  should  be  cut  periodically. 

(4)  The  sewer  line  near  the  left  abutment  should  be  repaired  to 
eliminate  leakage  of  sewage. 

(5)  A  trash  rack  should  be  added  to  the  primary  spillway  inlet. 

(6)  Seepage  and  stability  analysis  should  be  performed. 

(7)  A  detailed  inspection  of  the  dam  should  be  made  periodically. 
This  inspection  should  include  measurement  of  seepage  flows  and  analyzing 
water  saaiples  taken  from  the  seep  and  lake.  More  frequent  inspections 
may  be  required  if  additional  deficiencies  are  observed  or  the  severity 
of  the  reported  deficiencies  increase. 
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HYDROLOGIC  AND  HYDRAULIC  ANALYSES 


To  determine  the  overtopping  potential,  flood  routings  were  per¬ 
formed  by  applying  the  Probable  Maximum  Precipitation  (PMP)  to  a  synthe¬ 
tic  unit  hydrograph  to  develop  the  inflow  hydrograph.  The  inflow  hydro¬ 
graph  was  then  routed  through  the  reservoir  and  spillway.  The  over¬ 
topping  analysis  was  determined  using  the  computer  program  HEC-1  (Dam 
Safety  Version)  (1) . 

The  PMP  was  determined  from  regional  charts  prepared  by  the  National 
Weather  Service  in  "Hydrometeorological  Report  No.  33"  (HMR-33) .  Reduc¬ 
tion  factors  were  not  applied.  The  rainfall  distribution  for  the  48-hour 
PMP  storm  was  determined  according  to  the  procedures  outlined  in  HMR-33 
and  EM  1110-2-1411.  The  Kansas  City,  Missouri  rainfall  distribution  (15 
min.  interval  -  48  hours  duration),  as  provided  by  the  St.  Louis 
District,  Corp  of  Engineers,  was  used  when  the  one  percent  chance  pro¬ 
bability  flood  was  routed  through  the  reservoir  and  spillway. 

The  synthetic  unit  hydrograph  for  the  watershed  was  developed  by 
the  computer  program  using  the  Soil  Converation  Service  (SCS)  method. 

The  parameters  for  the  unit  hydrograph  are  shown  in  Table  1. 

The  SCS  curve  number  (CN)  method  was  used  in  computing  the  infil¬ 
tration  losses  for  rainfall-runoff  relationship.  The  CN  values  used, 
and  the  result  from  the  computer  output,  are  shown  in  Table  2. 

The  reservoir  routing  was  performed  using  the  Modified  Puls  Method. 
The  initial  reservoir  pool  elevation  for  the  routing  of  each  storm  was 
determined  to  be  equivalent  to  the  pipe  invert  elevation  of  the  primary 
spillway  at  elevation  775.0  feet  m.s.l.  in  accordance  with  antecedent 
storm  conditions  preceding  the  one  percent  probability  and  probable 
maximum  storms  outlined  by  the  U.S.  Army  Corps  of  Engineers,  St.  Louis 
District  (5).  The  hydraulic  capacity  of  the  spillway  and  the  storage 
capacity  of  the  reservoir  were  defined  by  the  elevation,  surface  area, 
storage,  and  discharge  relationships  shown  in  Table  3. 

The  rating  curve  for  the  spillways  is  shown  in  Table  4.  The  flow 
over  the  crest  of  the  dam  and  emergency  spillway  was  determined  using 
the  non-level  dam  crest  option  ($L  and  $V  cards)  of  the  HEC-1  program. 

The  program  assumes  critical  flow  over  a  broad-crested  weir.  The  flow 
through  the  primary  spillway  was  determined  from  the  orifice  flow  equa¬ 
tion  and  nomographs  for  partial  flow  in  the  pipe. 

The  result  of  the  routing  analyses  indicates  that  10  percent  of  the 
PMF  will  not  overtop  the  dam. 
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A  summary  of  the  routing  analysis  for  different  ratios  of  the  PMF 
is  shown  in  Table  5. 

The  computer  input  data  and  a  summary  of  the  output  data  are  pre¬ 
sented  at  the  back  of  this  appendix. 
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TABLE  1 


SYNTHETIC  UNIT  HYDROGRAPH 


Parameters : 

Drainage  Area  (A) 

Hydraulic  Length  of 
Watercourse  (i ) 

Hydrologic  Soil  Cover 
Coaplex  Nuaber  (CH’) 

Average  Watershed  Land 
Slope  (Y) 

Lag  Tie*  (L^) 

Tine  of  concentration  (T^) 
Duration  (D) 

Time  (Min.)  * 


487  acres 
7,400  feet 

87  (AMC  III)  73  (AMC  II) 

1.68% 

1.49  hours  (AMC  III)  2.45  hours  (AMC  II) 

2.48  hours  (AMC  III)  4.08  hours  (AMC  II) 

20  min.  (AMC  III)  33  min.  (AMC  II) 

(use  15  minutes  in  each  case) 

Discharge  (cfs)  * 

AMC  II  AMC  III 


0 

0 

16 

15 

17 

46 

30 

32 

94 

45 

52 

157 

60 

79 

205 

75 

108 

226 

90 

131 

226 

105 

146 

206 

120 

153 

179 

135 

153 

142 

150 

148 

104 

165 

137 

81 

180 

125 

63 

195 

110 

50 

210 

92 

39 

*  From  HEC-1  computer  output 
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TABLE  1 
(ContinuAd) 


FORMULAS  USED: 


L  «  t°‘8»  (s  i  l) 

*  1,900  x  Y°'5 

S  -  ±220 

CM’-  10 

T  «  L  /O.d 

c  t 

D  »  0.133  T 


0.7 


(4) 
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TABU.  2 


RAINFALL-RUHOFF  VALUES 


Selected  Stora 

Stons  Duration 

Rainfall 

Runoff 

Loss 

Event 

(Hours) 

(Inches) 

(Inches) 

(Inches) 

PHP 

48 

34.44 

32.71 

1.73 

11  Probability 

48 

6.00 

3.09 

2.91 

Additional  Data: 

1)  The  soil  aaaociations  in  thia  watershed  are  Mackaburg,  Sibley, 

and  Sharpsburg  (3). 

100  percent  of  drainage  area  in  hydrologic  soil  group  B. 

30  percent  of  the  land  use  was  urban. 

60  percent  of  the  land  use  was  cropland. 

10  percent  of  the  land  use  was  tiartterland  (2  and  4). 

2)  SCS  Runoff  Curve  CK  -  87  (AHC  III)  for  the  PMF. 

3)  SCS  Runoff  Curve  CN  *  73  (AHC  II)  for  the  one  percent 

probability  flood. 


TABLE  3 

ELEVATION .  SURFACE  AREA,  STORAGE.  ARP  DISCHARGE  RELATIONSHIPS 


Elevation 

(feet-HSL) 

Lake  Surface 

Area  (acres) 

Lake  Storage 
(acre-ft) 

Spillway 
Discharge  (cfs) 

*775.0 

6.3 

32 

0 

**777.8 

6.8 

50 

58 

***779.5 

9.0 

64 

377 

♦Primary  spillway  pipe  invert  elevation 
♦♦Emergency  spillway  crest  elevation 
***Top  of  dasi  elevation 

The  relationships  in  Table  3  were  developed  froai  the  Liberty,  Missouri. 
7.5  ad.nute  quadrangle  nap  and  the  field  neasureswnts . 
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SPILLWAY  RATING  CURVE 


Reservoir 
Elevation  (ft-msl) 

Primary  Spillway 
Discharge  (cfs) 

Emergency  Spillway 
Discharge  (cfs) 

Total  Spillway 
Discharge  (cfs) 

773.0 

0 

0 

0 

776.0 

5 

0 

5 

777.0 

55 

0 

55 

*777. S 

58 

0 

58 

77S.O 

58 

2 

60 

**779.5 

61 

316 

377 

*lMr|«ncy  Spillway  Craat  Elevation 
**Top  of  Daa  Elevation 

METHOD  USED: 


Primary  spillway  rclcaae  rates  were  based  on  the  discharge  calculated 
for  flow  through  the  pipe  using  the  orifice  equation: 

Q  -  2a[2gH]1/2 

where: 

c  ■  0.45  «  coefficient  of  discharge 
a  *  3.14  sq.  ft^  *  net  area  of  orifice 
g  *  32.2  ft/sec  *  gravitational  acceleration 
H  *  difference  between  the  energy  gradient  elevation  upstream 
and  the  downstream  tailwater  elevation  (6). 

Discharge  rates  for  s  partially  filled  outlet  pipe  were  determined  by 
nomographs  for  pipe  culverts  with  inlet  control  (7). 

Emergency  spillway  releases  were  computed  by  HEC-1  from  spillway  geometry 
data  input  on  $L  and  $V  cards.  The  following  equations  were  used  in 
calculating  the  emergency  spillway  discharge: 


d 

c 

A 

Q 


2/3  (H^  ♦  1/4A  Y) 
1/2  T  (2dc  -A  Y) 

(A3t/T)°‘5 


where: 


d^  *  critical  depth  (feet) 

B  *  available  apecific  energy  which  ia  taken 

to  be  the  height  of  the  water  aurface  in  the 
reaervoir  above  the  bottoa  of  the  aection  (feet) 
AY  *  change  in  elevation  acroaa  the  section  (feet) 

A  »  flow  area  (sq.  ft.) 

T  *  top  width  (feet) 

Q  *  flow  (cfa)  2 

g  *  32.2  ft/ sec  *  acceleration  due  to  gravity. 

TABLE  5 


RESULTS 

OF  FLOOD  ROUTINGS 

Ratio 

Peak 

Peak  Lake 

Total 

Peak 

of 

Inflow 

Elevation 

Storage 

Outflow 

PKF 

(CFS) 

(ft. -MSI) 

(AC. -FT. ) 

(CFS) 

- 

0 

*775.0 

32 

0 

0.10 

300 

779.3 

61 

293 

0.50 

1,498 

780.7 

72 

1,498 

1.00 

2,996 

781.5 

79 

2,996 

*  Primary  spillway  pipe  invert  elevation 


Depth 
(ft.) 
Over  Top 
of  Dam 


0 

1.2 

2.0 
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